Surface-core Fiber Gratings by Osorio et al.
  
Surface-core fiber gratings 
 
Jonas H. Osório*a, Ricardo Oliveirab, L. Mosqueraa, c, Marcos A. R. Francod, Jamshid 
Heidarialamdarloob, Lúcia Bilrob, Rogério N. Nogueirab, Cristiano M. B. Cordeiroa 
aInstituto de Física “Gleb Watagin”, Universidade Estadual de Campinas, UNICAMP, Brazil; 
bInstituto de Telecomunicações, Pólo de Aveiro, Aveiro, Portugal; cFacultad de Ingeniería Civil, 
Universidad Nacional de Ingeniería, UNI, Lima/Peru; dInstituto de Estudos Avançados, IEAv, 
Departamento de Ciência e Tecnologia Aeroespacial, Brazil 
ABSTRACT   
In this paper, we report, to our knowledge, the first demonstration of the induction of long-period and Bragg gratings on 
surface-core optical fibers. Surface-core fibers described herein were fabricated from commercial silica tubes and 
germanium-doped silica rods by employing a very simple procedure. Being the core on the fiber surface, it can be 
sensitive to refractive index variations in the environment in which the fiber is immersed. Thus, results concerning the 
sensitivity of these gratings to environmental refractive index variations are presented. Besides, simulation data are 
presented for comparison to the experimental behavior and for projecting future steps in this research. 
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1. INTRODUCTION  
Building up fiber optics sensors based on long-period (LPG) and Bragg (FBG) gratings is very interesting since 
these gratings can provide means for probing a great variety of physical parameters of interest. Refractive index 
variations, temperature, strain, curvature and vibration are examples of parameters which can be monitored by the use of 
fiber gratings.1, 2 
Both long-period and Bragg gratings consist of longitudinal periodic modulation of the refractive index of an optical 
fiber which can be achieved, for instance, by UV and CO2 laser irradiation and electric arc application. This refractive 
index modulation, which has a period of hundreds of microns in long-period gratings and of hundreds of nanometers in 
Bragg gratings, allows the existence of coupling, at determined wavelengths, between, in general, the fundamental core 
mode to co-propagating cladding modes in LPGs and between the fundamental core mode to a counter-propagating core 
mode in FBGs.1,2 
Eq. (1) and Eq. (2) describes the wavelengths λLPG and λFBG at which coupling will happen in LPGs and FBGs, 
respectively. In these equations, nco indicates the effective refractive index of the core mode and ncl the one associated to 
the coupled cladding mode. ΛLPG and ΛFBG mean the LPG and FBG refractive index modulation periods.1, 2 
 
ߣ௅௉ீ = ሺ݊௖௢ − ݊௖௟ሻ	Λ௅௉ீ                                                                         (1) 
 
ߣி஻ீ = 2	݊௖௢	Λி஻ீ                                                                              (2) 
 
In order to obtain gratings based sensors, one has to evaluate physical parameters whose variation alters the effective 
refractive index values of the considered modes or the grating period. These changes imply on spectral variations in the 
measured LPGs and FBGs optical response. In this paper, LPGs and FBGs induced on surface-core optical fibers are 
studied as platforms for refractive index sensing. Employing gratings induced on this kind of fiber is appealing since the 
core mode can easily probe the external environment without the need of tapering the fiber or removing the silica 
cladding with chemical attack or polishing, for example. 
In the subsequent sections, fiber fabrication, grating inscription and sensing results are presented. Besides, simulated 
data are shown for comparison to the observed experimental behavior. To our knowledge, this is the first demonstration 
of induction of long-period and Bragg gratings in surface-core fibers. 
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